as evidenced by label free optical sensing owing to the intrinsic fluorescence of the dipeptide. The synthesis of amino acid sequences and hybrids thereof is an elegant and versatile approach to assemble nanostructures. Moreover, the functional residues along the amino acid chains 15 infer responsiveness to a variety of physicochemical stimuli. For instance, sensitivity to ionic strength or temperature might induce size variation; 1 whereas pH changes trigger the release of an encapsulated compound 2 and biological stimulus responsiveness induces morphological transitions. 3 Along these lines, the self-20 assembly of WW-based hybrids has been reported previously. 4 The resulting structures were demonstrated to be responsive to various stimuli such as sunlight, 5 the presence of potassium ions 4b and pH variation. 4a Of major interest though is the intrinsic fluorescence of WW and the hybrids thereof, which could be 25 used to monitor changes in the solvent polarity 6 as well as specific biotin-avidin and ferrocene-cyclodextrin ligand interactions. 7 We recently described the efficient coupling of a short single stranded synthetic nucleotide sequence to the diphenylalanine 30 (FF) dipeptide to induce the formation of pH sensitive vesicular structures. 2 In comparison to phenylalanine, tryptophan reveals superior photophysical properties in solution, which are sensitive to the peptide/protein microenvironment. 8 Moreover, tryptophan has a stronger electrical quadrupole strength, which allows more 35 favourable stacking of tryptophan containing constructs and assembly of stable structures. 9 Tryptophan based peptide networks exhibit superior electron transfer and conductivity properties as well in comparison to phenylalanine based analogues. 10 Owing to these peculiar photophysical properties of 40 tryptophan, we thus report herein on the conjugation of WW with a nucleic acid strand to develop functional nanostructures amenable to optical sensing of high potential for diagnostic applications. Of particular interest is the intrinsic fluorescence of ditryptophan, which enables further label-free optical monitoring ring of tryptophan, which acts as a quadruple as demonstrated in the formation of vesicular structures from N-alkylindoles 9 . The peptide-DNA hybrid might therefore form the observed fibrils by both π-π stacking and hydrogen bonding according to a nucleation polymerization process comparable to the one that 15 induces the formation of polypeptide fibrils. 11 The 230 nm size spherical structures would then act as seeds for this mechanism to take place. As described by Hamley, polypeptide fibril formation occurs by the interaction between the common main chain polypeptide backbone whereas folding is due to specific 20 interactions of the side chains.
11 At low concentration, spherical structures formed by WW-DNA is induced by the chemical and physical incompatibility between the dipeptide and nucleic acid strands and stabilized by hydrogen bonding between the nucleotide sequences engaged in structure formation. These 25 spherical structures at higher concentrations and under controlled aggregation (time and temperature) might develop into fibres by nucleation dependent polymerization.
We could thus resort to label-free fluorescence spectroscopy amenable by the WW dipeptide intrinsic fluorescence to evidence 30 this mechanism of structure formation and the putative role of the interactions involved. This peculiar property of WW is sensitive to the polarity of the environment. Since the supramolecular structures are held by non-covalent interactions, they disassemble below a critical aggregation concentration (cac), which was 35 quantified by fluorescence spectroscopy (Figure 3) . Figure 4 shows the corresponding concentration dependent fluorescence spectra. The dilution course of the fluorescence intensity shows that below 0.1 mM the structures started to disassemble as further evidenced by SEM ( Figure S5) . The role of hydrogen bonding in 40 stabilization of the spherical structures was further supported by incubation with a chaotropic agent, urea, which also induced their disassembly as imaged by SEM (data not shown) and fluorescence spectroscopy ( Figure S6) . These experimental results demonstrate that the spherical structures are stabilized by 45 hydrogen bonding, which occurs between the nucleotide sequences engaged in structure formation. This was further supported by the disassembly of the spherical structures by the addition of synthetic nucleic acid strands (either complementary or non-complementary) in the surrounding medium ( Figure S7 ). (Figure S8 ) affects the organization into spherical structures of the WW-DNA. With increasing concentration of the nucleic acid strands, disassembly occurs ( Figure S9) . Moreover, as can be observed in Figure 4 , the fluorescence intensity 60 maximum (λ max at 370 nm) increases with increasing concentration and the maximum is reached at a concentration of 0.5 mM. On further increasing the concentration (1mM), the intensity of this peak decreases and a red-shifted signal appears at 476 nm. On further increasing the concentration to 2 mM, this 65 feature becomes more prominent. This red shifted peak is an indication of the presence of an extensive J-type aggregate, which results from the π-π stacking of aromatic rings. These types of aggregates were indeed observed previously in other systems.
12
This is further evidenced by SEM (Figure 1) . WW-DNA hybrids 70 organize into spherical structures at concentrations between 0.05 mM and 0.5 mM. On further increasing the concentration (1mM), they self-assemble to long fibres. These experimental results indicate that structures formed at high concentrations are supported by the interaction of the aromatic WW dipeptide in previously by Reches and Gazit 13 as well as Verma and coworkers 4a . We unfortunately could not resort to CD 5 spectroscopy to evidence further π-π stacking. Both the nucleic acid strand and WW-DNA hybrid induce a negative shift at 218 nm ( Figure S10 ).
In addition to π-π stacking of WW residues, the nucleic acid strands might also undergo hydrogen bonding in the fibrillar 10 structure. To assess the role of these interactions, we grafted the WW dipeptide to a water soluble polymer, poly(ethylene glycol) (PEG, MW = 2000). Unlike a nucleotide sequence, PEG does not engage in specific hydrogen bonding. Long needle shaped fibres of about 50 nm width were observed by TEM ( Figure S11 ).
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Unlike WW-DNA, no spheres were assembled by WW-PEG at low concentration. Similar results were previously reported for PEG-FFFF. 12a The authors associated the finite length of the PEG-tetrapeptide hybrid with the end cap energy due to the hydrophobicity of the peptide. WW-PEG thus assembles through 20 β-sheet formation at high concentration due to the π-π stacking of the amino acids which is in agreement with J-type aggregation, as observed for the WW-DNA hybrids through fluorescence spectroscopy (Figure 4) . It further shows that hydrogen bonding plays a key role in the formation of the long WW-DNA fibres. 25 Besides, it has to be emphasized that fibrils could not be assembled by the WW-DNA hybrid in presence of the complementary nucleotide sequence of the one involved in structure formation (data not shown). Moreover, the fibres could not be disassembled by the addition of the complementary 30 sequence subsequent to fibril formation which strongly supports the involvement of hydrogen bonding in WW-DNA fibrils formation in support of π-π stacking. The WW-DNA hybrid organizes according to a mechanism analogous to that of the nucleation polymerization of polypeptide fibrils as further 35 evidenced by the monitoring of the time course of the dipeptide fluorescence ( Figure 5) . The peak assigned to the formation of Jtype aggregates appears after 6 hours of incubation.
In conclusion, we report in here on the successful coupling of the ditryptophan dipeptide to a synthetic nucleotide sequence. 40 The resulting hybrid forms spherical structures in dilute aqueous solution. At high concentration and under controlled aggregation (time and temperature), the formation of fibrils has been observed. Of high interest is the intrinsic fluorescence of the dipeptide which enables the quantification of a critical 45 aggregation concentration and the indirect evidence in a labelfree optical mode that the WW-DNA hybrid organization is analogous to that of the nucleation polymerization of polypeptide fibrils, i.e. supported by both main chains π-π stacking of the dipeptide and side chains hydrogen bonding between the nucleic 50 acid strands. This is supported by concentration and time dependent fluorescence spectroscopy and monitoring of the fluorescence spectra of the structures assembled by the WW-DNA hybrid in presence of either the complementary or the noncomplementary sequence of the nucleic acid strands involved in 55 the self-assembly.
